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Periodic Properties of the Elements 

Three properties that provide important insights into chemical behavior include: 

1. atomic size 

2. ionization energy 

3. electron affinity 

Size of atoms 

From the quantum mechanical model of atoms we can reaches to Br-Br 
what exactly is the ’’size” of an atom? 

• The Br-Br distance in Br 2 is 2.28 A, thus the radius of the Br atom is 1.14 A 

o o 

• The C-C bond distance is 1.54 A, thus the radius of Carbon is 0.77 A 

What are the general characteristics of atomic bond lengths ? 

as determined from bond-bond distances (small molecule crystallography, NMR, 
other methods) 

• Within the columns of the periodic table, the atomic radii increase as you go 
down the column 

. Within the rows of the periodic table, the atomic radii decrease as you move to 
the right 

Decrease 

• ► i — 



Atomic radii 



General trends for elements filling the s and p orbitals 

What is the basis for these observations? 

Two general factors affect the size of the outermost orbital: 

• The principle quantum number 

• The effective nuclear charge 
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s' sub shell electrons: p subshell electrons: 

Shielded by Shielded by s sub shell 

core electrons and core electrons 




Ionization Energy 

The ionization energy of an atom measures how strongly an atom holds its electrons 

The ionization energy is the minimum energy required to remove an electron from the 
ground state of the isolated gaseous atom 

Note that this does not mean the energy required to remove an electron from the n- 1 
shell (i.e the ground state orbital), the ground state here refers to the lowest energy 
electron configuration for the element in question 

The first ionization energy, 7i, is the energy needed to remove the first electron from 
the atom: 

Nafe) -> Na + (g) + le 

The second ionization energy, 7 2 , is the energy needed to remove the next (i.e. the 
second) electron from the atom 

Na + (g) -> Na 2 + (g) + le 



The higher the value of the ionization energy, the more difficult it is to remove the 
electron 



Ionization energies (kj/mol) 
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• There is also a big increase in ionization energy for removal of an electron 
from an inner shell (lower n value). 

This is due to the fact that when you move to an orbital with a lower principle 
quantum number, you are removing an electron which is much closer to the 
nucleus (and has a higher attraction for the nucleus) 

The inner shell electrons are too tightly bound to be ionized or shared with 
another atom, and thus do not participate in chemical bonding 

As electrons are removed, the positive charge from the nucleus remains unchanged, 
however, there is less repulsion between the remaining electrons 

• Z e ff increases with removal of electrons 

• Greater energy is needed to remove remaining electrons (i.e. the ionization 
energy is higher for each subsequent electron ) 

Periodic trends in ionization energies 

First ionization energies as a function of atomic number 

• Within each period (row) the ionization energy typically increases with atomic 
number 

• Within each group (column) the ionization energy typically decreases with 
increasing atomic number 
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General trends for the energy required to remove the 
first electron (first ionization energy) of an element 



The basis for these observations: 

• As the effective charge increases, or as the distance of the electron from the 
nucleus decreases, the greater the attraction between the nucleus and the 
electron. The effective charge increases across a period, in addition, the atomic 
radius decreases 

• As we move down a group the distance from the nucleus increases and the 
attraction of the electrons for the nucleus decreases 

r 
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Which of the following elements has the lowest ionization energy? B, Al, C and Si 

Probably Al. Its valence electrons have a higher principle quantum number, and are 
therefore further away from the nucleus, than C or B. Furthermore, its nucleus 
would have a lower effective nuclear charge than Si. 

Electron Affinities 



Atoms can also gain electrons to form negatively charged ions ( anions ) 

The electron affinity is the energy change associated with an atom or ion in the gas 
state gaining an electron. 

• For all positively charged ions, and most neutral atoms, energy is released when 
an electron is added 



C%) + e' -> Cl'te) AE = -328 kj/mol 

Thus, we say that chlorine has an electron affinity of -328 kj/mol. 

The greater the attraction for the electron, the more exothermic the process 

For anions and some neutral atoms, added an electron is an endothermic process, i.e. 
work must be done to force an electron onto the atom. This results in the formation of 
an unstable anion. 



• The halogens, which are one electron short of a completely filled p subshell 
have the greatest attraction for an electron (i.e. the electron affinity has the 
largest negative magnitude ) 



In adding an electron they achieve a stable electron configuration like the noble 
gases 

• The 2A and 8A groups have filled subshells (s, and p, respectively) and 

therefore, an additional electron must reside in a higher energy orbital. Adding 
an electron to these groups is an endothermic process 
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